Objective: This study aimed to compare two self-expanding stents, a nitinol stent and an elgiloy stent, both placed percutaneously, in terms of their efficacy in palliating inoperable malignant biliary obstruction. Materials and Methods: We retrospectively investigated 99 patients with unresectable malignant biliary obstruction treated with percutaneous placement of a self-expanding metallic stent at our institution between May 2007 and January 2010. Serum bilirubin and liver enzyme levels were measured before and 30 days after stenting. For all procedures using elgiloy or nitinol stents, stent occlusion and patient survival rates were calculated using Kaplan-Meyer analysis. Results: All of the patients showed clinical improvement after stent placement, with no difference between the two groups. In both groups, the occlusion-free survival rate was 67% at 30 days, 37% at 90 days, 25% at 180 days, and 10% at 360 days, with no significant difference in relation to the type of stent. Conclusion: The two stents evaluated showed comparable efficacy for the percutaneous treatment of unresectable biliary malignancy, with good clinical results.
INTRODUCTION
Biliary tract obstruction is an important adverse factor for the treatment of patients with unresectable tumors involving the intrahepatic or extrahepatic bile ducts (1) . Percutaneous or endoscopic biliary drainage and stenting has been the standard palliative treatment in these cases (2) , and improved therapeutic regimens have extended the life expectancy of patients. Therefore, considerable efforts have been made in order to reduce the number of complications associated with stent implantation, especially stent occlusion, a major complication that can be difficult to manage (1) (2) (3) . Self-expanding metallic stents have provided better results than have plastic stents in relation to the occlusion rate and medium-to long-term cost-effectiveness (4, 5) . However, even metallic stents may become occluded, mainly because of tumor ingrowth through the stent mesh (6) . Therefore, various types of metallic stents, made of a wide variety of materials and with different mesh characteristics, have been developed in attempt to prevent stent occlusion (7) (8) (9) (10) (11) . This study aimed to compare the efficacy of two selfexpanding stents-a bare nitinol stent (S.M.A.R.T. CON-TROL; Cordis Corp. Miami, FL, USA) and an elgiloy stent (Wallstent; Boston Scientific, Watertown, MA, USA), both placed percutaneously, in the palliative treatment of inoperable malignant biliary obstruction.
MATERIALS AND METHODS

Study design and patients
The study was a retrospective clinical investigation. All patients undergoing percutaneous treatment of malignant biliary obstruction at our institution between May 2007 and January 2010 were reviewed for eligibility. The study was approved by the research ethics committee of the institution and conducted in accordance with the provisions of the Declaration of Helsinki. At the time of the procedure, all patients gave written informed consent for future use of their data.
The inclusion criteria for this study were as follows: diagnosis of malignant biliary obstruction confirmed by percutaneous or surgical biopsy; unresectable disease; and percutaneous placement of a dedicated self-expanding metallic stent for the treatment of biliary disease. Unresectability was defined as the presence of vascular invasion, extrahepatic disease, or medical comorbidities that prevented surgical liver resection. The site of biliary obstruction was divided into periampullary and hilar regions, and hilar strictures were subdivided using the Bismuth classification (12) . The following exclusion criteria were applied: resectable disease; ascites; uncontrollable coagulopathy (international normalized ratio > 3.0); history of a serious allergic reaction to iodinated contrast media; and previous biliodigestive anastomosis.
Stent placement
The procedures, all of which were performed when the patients were under local anesthesia and sedation, were guided by percutaneous transhepatic cholangiography. Antibiotic prophylaxis was given in all cases. Patients with a previous diagnosis of cholangitis were being treated with antibiotics based on bile culture and sensitivity.
Cholangiography was performed using fluoroscopy (Axiom Artis; Siemens, Erlangen, Germany), and a percutaneous transhepatic puncture was performed with a 22-gauge Chiba needle. When a puncture to the left hepatic lobe was necessary, ultrasound guidance was used.
The bile ducts were punctured on either the right or left side when the stricture was located in the periampullary region or in patients with Bismuth type I hilar strictures. The bile ducts were punctured on both the right and left sides in patients with Bismuth type II hilar strictures. When biliary obstruction involved right or left segments of secondary bile ducts (Bismuth III and IV strictures), more than one puncture of the liver lobes involved was performed.
In the presence of cholangitis or when it was not possible to advance the hydrophilic guide wire across the stricture, a temporary external drainage catheter was placed (Ultrathane ® ; Cook Medical, Inc., Bloomington, IN, USA). After an observation period of 3-5 days, patients with drainage catheters returned to the operating room for treatment completion (secondary stenting technique). In patients without evidence of cholangitis and in whom the guide wire could be advanced through the stricture to the duodenal loop, a primary stenting technique was performed with direct placement of the stent.
Self-expanding metallic stents were chosen according to their availability in the operating room. When a residual stenosis that prevented the contrast medium from flowing into the duodenal loop was observed, the stricture was dilated with a semi-compliant balloon catheter (Powerflex; Cordis Corp., Miami, FL, USA).
Only one stent was used in patients with periampullary lesions or Bismuth type I hilar strictures. In patients with Bismuth type II hilar strictures, two stents were often employed. In patients with Bismuth type III or IV hilar strictures, up to three stents were used in an attempt to drain the largest possible number of obstructed liver segments.
After the success of the procedure was confirmed by proper clearance of the contrast medium injected into the intrahepatic bile ducts, the introducer sheath was removed and the patient was transferred to the recovery room.
Follow-up
Clinical evaluation and laboratory assessment of liver enzymes (aspartate aminotransferase and alanine aminotransferase), canalicular enzymes (alkaline phosphatase and gamma-glutamyl transpeptidase), and serum (total and direct) bilirubin levels were performed before and 30 days after the procedure. Patients were followed up for assessment of survival and presence of stent occlusion at 30, 90, 180, and 360 days. Stent occlusion was defined as recurrence of biliary obstruction confirmed by imaging studies and laboratory tests (serum bilirubin levels > 3 mg/dL).
Complications such as bleeding, cholangitis, cholecystitis, and pancreatitis were diagnosed on the basis of the clinical signs and symptoms, together with the results of laboratory tests, as well as those of imaging studies, when indicated. In case of the recurrence of jaundice, magnetic resonance imaging or computed tomography of the liver was performed to determine whether jaundice was caused by advanced metastatic disease or the intrahepatic ducts were dilated and reintervention was required. We defined minor complications as events requiring nominal therapy or observation without sequelae and major complications as events requiring patient hospitalization. Any complication or death occurring within 30 days of stent insertion was considered procedure-related.
Statistical analysis
Patients and procedures were characterized using descriptive statistics. Continuous variables were expressed as mean ± standard deviation, and categorical variables were expressed as absolute and relative frequencies. In the comparative analysis, we included only those procedures in which selfexpanding nitinol S.M.A.R.T. CONTROL stents or elgiloy Wallstents were used. In comparisons between the S.M.A.R.T. CONTROL and Wallstent groups, the Student's t-test was used in order to compare mean patient ages, and the chi-square test was used in order to compare the levels of biliary obstruction. Biochemical values obtained before and after stent placement were compared, and the differences were analyzed by nonparametric repeated-measures analysis of variance.
For the S.M.A.R.T. CONTROL and Wallstent groups, stent occlusion and patient survival rates were calculated using Kaplan-Meyer survival (life-table) analysis. The logrank test was used to assess the differences in occlusion-free progression between the two groups. Survival curves were compared between the two groups using a Cox proportional hazards model adjusted for age and level of biliary obstruction. Data were analyzed using the IBM SPSS Statistics, version 20.0 (IBM Corporation, Armonk, NY, USA). Values of p < 0.05 were considered statistically significant.
RESULTS
Between May 2007 and January 2010, 99 patients with unresectable malignant biliary obstruction underwent percutaneous placement of a self-expanding metallic stent at our institution. Of those 99 patients, 1 (0.9%) underwent three procedures, 8 (7.0%) underwent two procedures, and 90 (92.1%) underwent only one procedure. Therefore, a total of 109 procedures were performed. The mean age of patients was 60.4 ± 12.1 years (range, 29-84 years), and 51% were men. Table 1 A single stent was used in 66 (60.4%) of the procedures (all to treat periampullary or Bismuth I strictures), two stents were used in 36 (33.0%) of the procedures (all to treat Bismuth II strictures), and three stents were used in 7 (5.6%) of the procedures (all to treat Bismuth III and IV strictures). Wallstents were used in 61 procedures (56%), and S.M.A.R.T. CONTROL stents were used in 48 (44%).
The most common complication was acute pancreatitis, occurring in 31 cases (28.4%), followed by cholangitis, in 12 (11.0%), bronchopneumonia, in 5 (4.6%) thromboembolism, in 4 (3.7%), and transient hemobilia, in 3 (2.7%). Twenty-eight patients died within the first 30 days after the procedure, the overall 30-day mortality rate being 28.3%.
Comparative analysis: Wallstents vs. S.M.A.R.T. CONTROL stents
The Wallstent group consisted of 58 patients, with a mean age of 59.4 ± 12.9 years (range, 29-84 years), who collectively underwent 61 procedures, and the S.M.A.R.T. CONTROL group consisted of 46 patients, with a mean age of 62.8 ± 10.7 years (range, 36-85 years), who collectively underwent 48 procedures. There was no statistically significant difference between the two groups regarding age (p = 0.136) or level of biliary obstruction (p = 0.685). Table 2 shows the laboratory test results before and 30 days after stent placement in the S.M.A.R.T. CONTROL and Wallstent groups. Overall, patients showed post-treatment reductions in the mean values of biochemical variables. There was no statistically significant difference between the two groups in terms of the post-treatment reductions in mean (total and direct) bilirubin levels and mean levels of canalicular enzymes (alkaline phosphatase and gamma-glutamyl transpeptidase). However, the reductions in aspartate aminotransferase and alanine aminotransferase levels after stent placement were greater in the S.M.A.R.T. CONTROL group than in the Wallstent group (Table 2) .
Stent occlusion was identified in 13 patients, 7 in the S.M.A.R.T. CONTROL group and 6 in the Wallstent group (p = 0.989). The number of stent occlusions at 30, 90, 180, and 360 days was 2, 1, 3, and 1, respectively, in the S.M.A.R.T. CONTROL group, compared with 2, 1, 2, and 1, respectively, in the Wallstent group. For the patients in both groups, occlusion-free survival rates were 67% at 30 days, 37% at 90 days, 25% at 180 days, and 10% at 360 days. When the survival curves were adjusted for age and level of biliary obstruction, there was no difference between the two groups. Occlusion-free survival rates at 30, 90, 180, and 360 days over time according to the type of stent used was 83%, 48%, 31%, and 10%, respectively, in the S.M.A.R.T. CON-TROL group, compared with 57%, 30%, 21%, and 11%, respectively, in the Wallstent group. As can be seen in Figure 1 , there was no statistically significant difference in survival curves in relation to the type of stent used (relative risk = 1.52; 95% confidece interval: 0.94-2.44; p = 0.085).
DISCUSSION
Interventional procedures have been adopted at several radiological centers in Brazil (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) . Placement of self-expanding metallic stents in the setting of inoperable biliary malignancy is intended to improve the quality of life of affected patients via a minimally invasive procedure. In our series, the performance of the Wallstent was equivalent to that of the S.M.A.R.T. CONTROL stent in the percutaneous treatment of unresectable malignant biliary obstruction.
There are a wide variety of metallic stents currently available for the management of patients with biliary obstruction due to inoperable malignancy. The Wallstent is made of elgiloy and was one of the first stents developed for the treat- ment of malignant biliary strictures. To date, this has been the most widely studied stent, with satisfactory results having been reported in the literature (25) . However, the results of some studies have favored the use of stents made of nitinol because of their property of thermal shape memory and increased radial resistive force, which are associated with a theoretically lower risk of occlusion (26) . The S.M.A.R.T. CONTROL stent is made of nitinol, which has thermal shape memory, and has shown greater elasticity and resistance than have Wallstents in experimental studies (27) . Few studies have comparatively analyzed different metallic stents to assess whether any one type is superior to the others in terms of long-term stent patency in the management of malignant biliary obstruction. Gandini et al. (28) conducted a retrospective, nonrandomized study comparing the use of two different self-expanding metallic stents (Wallstent and Ultraflex) in 87 patients with unresectable malignant biliary obstruction and, as in our study, found that neither was superior to the other.
Studies evaluating the efficacy of using stents covered with polytetrafluoroethylene, polyethylene terephthalate, or polyurethane for the palliation of inoperable malignancies have reported no significant increase in survival compared with the use of uncovered stents (29) (30) (31) . However, it has been reported that patients treated with covered stents require fewer reinterventions and have a better quality of life (30, 31) . A retrospective, nonrandomized, comparative study involving 101 patients was conducted in order to examine the efficacy of the Niti-D biliary uncovered stent and the uncovered Wallstent for the palliative endoscopic management of malignant biliary obstruction (32) . The authors of that study found that stent patency tended to be longer in patients receiving the Niti-D stent (n = 41; 153 days) than in those receiving the Wallstent (n = 60; 124 days), although they reported no significant difference between the two stents (p = 0.204). In our study, better results were also observed in the S.M.A.R.T. CONTROL group, mainly for occlusion-free survival, although there was no statistically significant difference in survival curves in relation to the type of stent used (p = 0.085). We believe that the increased radial resistive force of the material employed in the S.M.A.R.T. CONTROL stent (nitinol) may have contributed to the lower rate of stent occlusion (26) . Another issue to be considered is the high (28.3%) 30-day mortality rate observed in our study. That may be associated with the generally poor clinical condition of the patients, who all suffered from advanced, unresectable malignancy and most of whom (50.4%) already had diffuse metastases. A study involving 71 patients with obstructive jaundice due to solid malignancies was conducted to investigate the overall survival of patients after percutaneous transhepatic biliary drainage and showed that patients with poor performance status (Eastern Cooperative Oncology Group score > 2) have a dismal prognosis and should not undergo percutaneous transhepatic biliary drainage (33) . Currently, there are few effective treatment options for patients with unresectable malignant biliary obstruction, who have particularly poor survival characteristics. Therefore, although further survival improvement is unlikely to be obtained by stenting alone, we believe that this palliative treatment option meets its primary goal (i.e., to improve the quality of life of affected patients via a minimally invasive procedure), which appears to be independent of stent type.
The present study has some limitations. The retrospective nature of the study and the heterogeneity of the sample (with lesions of various histological types and at different sites) hinder the extrapolation of our results to other populations. In addition, because of the small number of stent occlusions, it was not possible to detect a statistically significant difference in occlusion-free survival rates between the two groups, despite the higher rates observed in the S.M.A.R.T. CONTROL group.
In conclusion, our results showed no clinically or statistically significant differences between Wallstents and S.M.A.R.T. CONTROL stents for the percutaneous treatment of unresectable malignant biliary obstruction. Both approaches appear to be safe and effective palliative therapies for affected patients, with good clinical results. Nevertheless, prospective randomized studies involving samples that are more homogeneous (comprising patients with lesions of a similar histological type, as well as similar obstruction sites and implantation techniques), are warranted in order to clarify this issue.
